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GENERAL INTRODUCTION 
The development and evolution of cultural technology to train pond-reared walleye 
(Stizostedion vitreum vitreum) fingerlings to formulated diets (Cheshire and Steele 1972; Nagel 
1974; Beyerle 1975; Nagel 1976; Nickum 1978, 1986) has been sufficiently successful to anticipate 
significant production of 100 mm or larger fingerlings. However, poor survival during the initial 
training to formulated diets is still a major problem. Also many aspects of walleye fingerling culture, 
such as diet, fish density, lighting, and water temperature have not been evaluated. 
Cheshire and Steele (1972) reared fingerlings at initial densities ranging from 5.9 to 24.2 
g/L, but made no conclusions about the effect of fish density on survival or growth . Based on 
Cheshire and Steele's work, Nickum (1978, 1986) recommended maximum rearing densities of 25 
g/L for fingerling walleye, provided adequate water quality was maintained. Temperature is also a 
major factor affecting growth of fingerling walleye (Huh et al. 1976). Optimal temperature for walleye 
growth has been estimated to be 22-26°C (Smith and Koenst 1975; Hokanson and Koenst 1986) . 
Diseases, particularly Flexibacter columnaris, are a major problem in rearing and handling fish at 
temperatures above 20°c (Nickum 1978, 1986; Austin and Austin 1987). The main diet available for 
walleye is the W-16 formulation developed by the U.S. Fish and Wildlife Service. The W-16 diet 
contains 61 % protein, which is much higher than the 51 % protein level needed for fingerling walleye 
(Barrows et al. 1988), making the feed quite expensive. 
The main objective of this research is to determine the effect initial stocking density of fish 
has on survival and performance of fingerling walleye being trained on formulated diets. The second 
objective of this thesis is to compare survival and performance of fingerlings reared at temperatures 
near 20°c and 25°C. The last objective of this research is to compare the suitability of a commercial, 
closed-formula diet, BioMoist grower™, containing 41% protein, with the W-16 diet for rearing 
fingerling walleye. 
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Explanation of Thesis Format 
This thesis has been produced in the alternate thesis format. A general introduction and 
summary are given; Sections I and II will be submitted for publication in scientific journals under the 
authorship of Kent L. Kuipers and Robert C. Summerfelt. The style used in this thesis follows that of 
the Transactions of the American Fisheries Society. 
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SECTION I. TRAINING POND-REARED WALLEYE 
FINGERLINGS TO FORMULATED DIETS 
4 
ABSTRACT 
The effects of diet, temperature, and stocking density on the success of training 50-60 d 
post-hatch, pond-reared walleye (Stizostedion vjtreum vitreum) fingerlings to formulated feed over a 
28-d rearing period in intensive culture are reported. At the time intensively rearing began, fish 
weighed an average of 2.6 ± 0.5, 2.6 ± 0.6, and 2.2 ± 0.5 g (68.1 ± 3.8, 69.3 ± 4.9, and 67.9 ± 4.1 
mm total length) for 1987-89, respectively. Fingerlings were intensively reared 20.5 ± 0.5°C in 1987, 
20.1 ± 0.7 and 24.9 ± 0.7±°C in 1988, and 20.8 ± 0.7 and 25.2 ± 0.6°C in 1989. Initial stock density 
(0.87 to 3.21 g/L) and diet (W-16 versus a commercial, closed-formula) had little effect on survival 
rates and growth of fingerling walleye in this study, however, temperature affected the variabity and 
overall survival. In 1988, the difference in percent survival at 24.9°C and 20.1 °C was non-significant, 
but survival was more variable at the higher temperature. In 1989, survival was 85.1 % at 20.8°C 
compared with 67.5% at 25.2°C, the difference was statistically significant (P < 0.01) and primarily a 
result of an increased incidence of columnaris disease in fish reared at the higher temperature. 
Graphically, daily survival curves were similar in 1987 and 1988; mortality occurred primarily in the first 
seven d of rearing, and then stabilized for the rest of the rearing period. In 1989, initial mortality was 
far less than it had been the two previous years, but mortality resumed after two weeks of rearing. At 
rearing temperatures near 20°c (20.4, 20.1 and 20.8°C for 1987-1989, respectively), using the same 
W-16 diet, survival during the 28-d training period increased each year from 64.6% in 1987 to 85.1 % 
in1989; we attribute the enhanced survival to improved procedures for transporting and disease 
control in the intensive culture facility. Cannibalism was a minor problem, being more prevalent in the 
15-28 d portion of the training interval than the first, and it accounted for less than 4% (weighted) of 
mortality during the training interval. Cannibalism apeared to be more of a problem in 1988 than the 
other two years, and it seemed more prevalent at rearing temperatures near 25°C than 20°c. 
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INTRODUCTION 
Pond production of fingerling largemouth bass (Micropterus salmoides) . striped bass 
(Morone saxatjlis), and walleye (Stizostedion vitreum vitreum) is dependent upon natural foods, 
namely rotifers, cladocera, copepods, and midge larvae. Success in pond production of these 
species has been variable and unpredictable (Mathias and Li 1982). Because of difficulty in 
maintaining suitable densities of forage, the maximum number of walleye is obtained when 35 to 50 
mm fingerlings are harvested. Raising walleye longer than 50 mm in ponds requires a variety of larger 
insects or forage fish (Colesante et al. 1986) , and is generally impractical on a production scale . 
Production of fingerling walleye of 100 mm or longer requires a combination of pond and 
tank culture . Although several studies have concerned methods of training pond-reared fingerlings 
to formulated feeds in intensive culture (Cheshire and Steele 1972; Nagel 1974; Beyerle 1975; 
Nagel 1976; Nickum 1978; Nickum 1986) and provided guidance on tank design, lighting, water 
exchange, and other factors , mortality during the first two to three weeks of rearing in the intensive 
culture environment has been a major hinderance to successful production (Cheshire and Steele 
1972; Nickum 1978; Reinitz and Austin 1980; Masterson and Garling 1986; Nickum 1986). Mortality 
during this period may result from handling stress, disease, and lack of feed acceptance. Although 
mortality from cannibalism during the training period has been a concern, losses from cannibalism are 
usually low. Stress and mechanical injury during removal from ponds and transport of the fish can 
induce mortality in the first week of rearing and affect the successful conversion to formulated feeds . 
Nickum (1986) emphasized the importance of extreme care in harvest, handling, and transport of 
walleye fingerlings from ponds to rearing facilities. He urged caution in handling walleye when water 
temperatures exceed 20°c, which will induce columnaris disease. 
Myxobacterial infections, particularly Flexjbacter columnaris. have been the primary 
pathological problem. The severity of this disease is influenced by water temperatures over 20°C 
and by a multitude of environmental (stress related) factors (Nickum 1978; Austin and Austin· 1987). 
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Bacterial diseases can produce mortalities of 60-90% (Austin and Austin 1987). After transfer to 
rearing tanks, fingerlings may not begin feeding for several d and may die of starvation within two 
weeks (Cheshire and Steele 1972; Nickum 1978) . 
Various treatments for controlling bacterial diseases have been used, with variable success. 
Currently, nine compounds are registered as therapeutants and several other approved compounds 
(algicides and herbicides), such as diquat dibromide, are also used experimentally as antibacterial 
agents (Hnath 1975; Nickum 1986; Schnick 1988). 
Although techniques to train pond-reared fingerlings to formulated diets are being 
developed for production of 100 mm or larger fingerlings, many aspects such as diet, fish density, 
and water temperature have not been evaluated. The main diet available for walleye is the W-16 
formulation developed by the U.S. Fish and Wildlife Service. The W-16 diet contains 61 % protein, 
which is much higher than needed for fingerling walleye (Barrows et al. 1988), making the feed quite 
expensive. Other available diets with lower protein levels need to be tested for fingerling walleye · 
until a more suitable diet can be formulated. Fingerling walleye have been reared at densities up to 
24.2 g/L (Cheshire and Steele 1972), but the effect of fish density on survival and growth has not 
been reported. Temperature is also a major factor affecting growth and survival of fingerling walleye 
(Huh et al. 1976). The optimal temperature for growth of walleye has been estimated to be between 
22 and 26°C (Smith and Koenst 1975; Hokanson and Koenst 1986). although disease becomes a 
problem at temperatures over 20°C (Nickum 1978, 1986; Austin and Austin 1987). 
The present study focuses on the protocol for transportation of fingerlings and on the 
evaluation of effects of density, diet, and temperature on survival and growth during the first 28 d of 
culture when the pond-reared fingerlings are trained to formulated diets. 
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METHODS 
Source of Experimental Fish 
Pond-reared walleye fingerlings used in these experiments were obtained from Welch Lake, 
a fingerling production site of the Iowa Department of Natural Resources Spirit Lake Hatchery. 
Parent fish were captured from Spirit Lake and from East and West Okoboji lakes. Brood fish were 
spawned in the Spirit Lake Hatchery, the eggs were incubated at the hatchery, and then stocked in 
Welch Lake as two- to four-d old fry. Fingerlings were 50-60-d posthatch when seined from Welch 
Lake and transported to the aquaculture facility at Iowa State University. Initial weights were 2.6 ± 
0.5, 2.6 ± 0.6, and 2.2 ± 0.5 g (68.1 ± 3.8, 69.3 ± 4.9, and 67.9 ± 4.1 mm total length) for 1987-89, 
respectively. Mean condition factors (K = weighting x 10511ength in mm3) of fingerlings were 0.81 ± 
0.09, 0.77 ± 0.08, and 0.68 ± 0.06 for 1987-89, respectively. 
Procedures for Transportation of Fish 
Fish were transported in approximately 750 L of lake water in an insulated, fiberglass tank 
aerated with a single mechanical aerator and supplemented with oxygen from a cylinder of 
compressed oxygen dispersed through weighted Micropore TM tubing . Temperature during 
transportation was maintained at approximately 20°c by addition of 5-10 kg of block ice, as needed. 
Transportation time was five hours in 1987, eight hours in 1988, and four hours in 1989. Truck 
breakdowns caused the prolonged transport time in 1988. Fish density in the hauling tank ranged 
from 2.7 to 4.2g/L (Table 1 ). · Antibacterial agents and salt concentrations in transport water were 
increased each year (Table 1) to reduce stress and prevent disease. 
Facilities for Intensive Culture 
Fingerlings were trained to formulated feed over a 28-d interval in the aquacultural laboratory 
at Iowa State University. A 28-d interval was chosen because most fingerling mortality occurs within 
this initial training period. Fish were reared in rectangular (52 x 55 cm with 38 cm water depth) 120-L 
fiberglass tanks. The culture facility was supplied with Ames tap water that was dechlorinated in high-
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Table 1. Duration of haul, density of fish transported, and chemical additives in water 
used for transporting walleye fingerlings, 1987-89 
Year 
1987 
1988 
1989 
1963). 
Duration 
of haul 
5 
8 
4 
Fish 
density 
4 .2 
2.7 
3 .8 
NaCl 
0.25% 
0.50% 
0.75% 
Chenical ac;tffives 
Nitrofurazone Oxytetracyclinea 
5 mg/L 
10 mg/L 10 mg/L 
15 mg/L 
a20-60 mg/L for one h has been recommended (Snieszko and Hoffman 
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pressure tanks with activated charcoal. Water was heated, degassed with a packed column of 2.5 cm 
polyethylene ballast rings (Glitsch, Inc., Dallas, TX), and supplied to the tanks at a rate of 2 Umin (i.e ., 
one tank exchange per h). In 1989, sodium sulfite was added to the supply tanks to eliminate 
residual free chlorine and chloramines (Seegert and Brooks 1978). Average water temperatures, 
based on means of daily observations over the 28-d rearing period (Table 2), were 20.5 ± 0.5°C in 
1987, 20.1 ± 0.7° and 24.9 ± 0.7°C in 1988, and 20.8 ± 0.7°C and 25.2 ± 0.6°C in 1989. 
Feed was dispensed with automatic feeders at 5-min intervals, 18 h per d using Louden 
raceway feeders (North Star Company, Gaston, OR) . Feeding rates (percent body weight fed daily) 
were calculated to excess, not to maximize feed conversion, but to encourage feeding and to 
prevent cannibalism. Feed sizes and feeding rates were adjusted weekly according to fish size 
(Table 3) . Feeding rates for 1989 were calculated using the feeding formula from Westers (1987) . 
Excess feed and feces were removed by siphoning daily and by scrubbing the tanks weekly. 
The culture room was maintained at low light intensity for 18 h, with 6 h of total darkness 
when fish were not fed. Tanks were covered with plastic mesh (0.64 cm) screen to reduce overhead 
light intensity. Light intensity at the surface of the tank covers was 31 .6 ± 7.3, 17.7 ± 4.0, and 8.4 ± 
1.5 Ix for 1987-89, respectively; light intensity at the water surface was approximately 50% less. 
Dissolved oxygen in the rearing tanks was measured by using a polarographic sensor with a 
built-in thermistor for temperature measurement and compensation (YSI™ model 57 dissolved 
oxygen meter, Yellow Springs Instrument Co., Irie., Yellow Springs, OH) . Dissolved oxygen was 
measured in each tank before tanks were cleaned and was monitored at 8, 11, and 19 dafter stocking 
in 1987, once 28 dafter stocking in 1988, and twice per week in 1989. 
In 1989, total ammonia nitrogen (TAN) was measured in each tank twice daily before tanks 
were cleaned at 8, 15, and 22 dafter stocking, using the salicylate-hypochlorite method (Verdouw et 
al. 1978; Bower and Holm-Hansen 1980). This method substitutes sodium salicylate for phenol used 
in the phenate method (Solorzano 1969). At the time ammonia was measured, pH was also 
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Table 2. Water quality parameter means (±SD) in rearing tanks, 1987-89 
Yi 
Parameter 1987 1988 1ffi9 
20.1°c 24.9°C 20.8°C 25.2°C 
Temperaturea 20 .5 20.1 24.9 20 .8 25 .2 
(0.5) (0.7) (0 .7) (0 .7) (0.6) 
Dissolved 7.1 7.4 6.3 6.9 6.3 
oxygen (mg/L) (0 .5) (0 .2) (0.2) (0.7) (0.6) 
Un-ionized 0.064 0.069 
ammonia (mg/L) (0 .030) (0 .026) 
pH 9 .07 8 .94 
(0 .13) (0 .1 9) 
aMeans of daily observations. Monitored approximately once/d for all tanks 
in 1987, and two to three times/din each tank in 1988 and 1989. 
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Table 3. Feed type, size and feeding rate (percent body weight fed daily) during period for training 
pond-reared walleye fingerlings to formulated feed, 1987-89 
Ee~e•t QQmQQSitiQn b~ size a 
Days after Feed!JJ rate (0tQ,) W-16 BioMoist 
stocking 20°c 25°c #2 #3 #4 3/32" 1.0mm 1.3mm 1.5mm 
.1.9..8..Z 
1 - 6 10 100 100 
7 -13 10 50 .50 50 . 50 
14-20 10 25 75 75 25 
21 -28 10 75 25 25 75 
.19..aa 
1 - 5 10 10 50 50 
6 -1 2 10 10 50 50 
13 -19 10 10 100 
20-28 8 8 50 50 
~ 
1 - 2 8 8 100 (medicated)b 
3 - 5 11 16 100 (medicated) 
6 - 12 9 14 100 (medicated) 
13 - 19 8 10 100 
20-28 6.8 8 .6 50 50 (medicated) 
aGranules #2, #3, and #4 refer to particle diameter of 0.84-1.19 mm, 1.19-1.68 mm, and 
1.68-2.38 mm, respectively (Dupree and Huner 1984) . 
bFeed medicated with 8.25 g oxytetracycline / 100 kg fish/ d. 
12 
measured by using a glass electrode. The formula by Emerson et al. (1975) was used to calculate 
un-ionized ammonia levels (NH3-N) from TAN, pH, and water temperature. 
Disease Prophylaxis and Treatment 
All disease treatments were administered to rearing tanks without cutting off the flow of water 
to the tank: i.e., with a continuous inflow (50% of the initial concentration was diluted each h). 
Treatment concentrations are expressed on the basis of the active ingredient. 
~ .-Fish were treated with nitrofurazone at 1 0 mg/L twice daily for a 4-d period 
beginning four days after stocking and with benzalkonium chloride (BAC) at 2 mg/L daily for the 
second week of rearing . 
.!film..-Nitrofurazone was administered at 10 mg/L for the first five d and BAC at 2 mg/L for 
the fifth through twelfth day after stocking. Starting on the second day, fish were also treated with 
oxytetracycline at 1 0 mg/L for 4 d. 
19.89..-Fingerlings were treated with 8 mg/L diquat bromide for a 3-d period beginning the 
third day after stocking. Fish were also treated with 8 mg/L diquat dibromide for four consecutive 
days starting on the 16th and 21st d of rearing . Fingerlings were fed feed medicated with 
oxytetracycline (8.25 g oxytetracycline/100 kg fish/d) for most of the 28-d reari ng period (Table 3) . 
Gelatin was used as the drug carrier for coating the feed. 
Experimental Design 
~ --A 2 x 5 factorial experimental design was used to evaluate the effects of two feed 
types and five densities (1.25, 1.67, 2.08, 2.50, and 2.92 g of fish/L) at a temperature of 20.5 ± 
0.5°C. Tanks of fish were systematically assigned a diet-density treatment, and fish were then 
randomly placed in tanks. Each treatment was replicated twice, which resulted in a total of 20 rearing 
tanks. The feeds were a commercial, closed-formula ration, BioMoist grower (Bio Products Inc., 
Warrenton, OR) , with 41 % protein, and the open formula, U.S. Fish and Wildlife Service W-16 diet 
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(Colesante et al. 1986; Westers 1986). containing 61 % protein. The W-16 feed was obtained from 
Glenco Mills, Glenco, MN (Table 4) . 
.i.aaa.-A 2 x 4 factorial experimental design was used to evaluate the effects of temperature 
(20.1 °and 24.9°C) and density (0.87, 1.30, 1.73, and 2.17 g of fish/L) . Tanks were randomly 
assigned temperature-density treatments, and then fish were randomly placed in tanks. Each 
treatment was replicated twice, which resulted in a total of 16 rearing tanks. All fish were fed the W-16 
formulation (Glenco Mills, Glenco, MN) . 
l9.a9..-A 2 x 4 factorial experimental design was used to evaluate the effects of temperature 
(20.8°C and 25.2°C) and density (1.83, 2.29, 2.75, and 3.21 g of fish/L) . Tanks were randomly 
assigned temperature-density treatments, and then fish were randomly placed in tanks. Each 
treatment was replicated twice, which resulted in a total of 16 rearing tanks. All fish were fed the W-16 
formulation obtained from Murray Elevators (Murray, UT). 
Data Collection and Statistical Analysis 
Daily observations were used to monitor daily and final survival in each tank. At the 
beginning and near the end of each experiment, 5-10 fish (10 in 1987 and 1989, 5 in 1988) from 
each tank were individually measured and weighed to evaluate growth and condition of fish . To 
reduce stress, fish were first sedated in their tanks with 20 mg/L tricaine methanesulfonate 
(Finquel™, Argent Chemical Laboratories, Redmond, WA). The subsample of fish was removed by 
netting and placed into a solution of 1 % salt and 55 mg/L Finquel™ for total anesthesia before 
weighing . 
Data were analyzed as completely randomized, factorial experiments by using the Statistical 
Analysis System (SAS 1982). The analysis of variance procedure was used to test for main effects 
and interactions using conventional alpha values of 0.05 and 0.01 . Survival percentages were 
transformed by the arc sin for analysis. 
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Table 4 . Proximate composition of the diets used for training pond-
reared fingerlings to formulated feed 
Composition s· M . TM a 10 01st grower 
Crude protein 41 .0 
fish protein (29 .0) 
animal protein (40 .0) 
Digestible protein 
Crude fat 14.5 
Crude fiber 4 .0 
Moisture 26 .5 
Ash 8 .5 
Energy (kcal/kg) 
gross d 3848 
metabolizable 3055 
aBioproducts Inc., Warrenton, OR, USA . 
bWesters 1986. 
W-16 
61.1 b 
49.8b 
16.0b 
8.0c 
9.0c 
4176b 
cPersonal communication , H. George Ketola, (Tunison 
Laboratory of Fish Nutrition, Cortland, NY, USA) . 
dBased on the relationship : protein, 5.65 kcal/g; fat , 9.4 
kcal/g; carbohydrate , 4.1 kcal/g . 
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RESULTS 
Water Quality 
Dissolved oxygen concentrations averaged more than 6.0 mg/L throughout the 
experiments (Table 2) and no value was below 5.0 rng/L. In 1989, total ammonia nitrogen level 
gradually increased to a maximum of 0.46 mg/L, with mean un-ionized ammonia concentrations of 
0.10 mg/Lat 22 d of rearing (Figure 1). The pH was at the upper limit of a desirable range for fish 
culture, averaging close to nine in 1989 (Table 2) . 
In 1989, the increased mortality in the final two weeks of rearing may have been related to 
decreasing water quality in rearing tanks caused by the high fish density which had resulted from 
high survival to that point. Dissolved oxygen gradually decreased to 5.6 mg/L while un-ionized 
ammonia levels increased to 0.10 mg/L (Figure 1). Survival of fingerlings may have been inversely 
related to increasing amounts of un-ionized ammonia (Figure 2) , although not enough data were 
collected to verify this. 
Survival 
Fingerling survival over the 28-d training interval ranged from 22.7 to 87.8% for individual 
treatments in the three years, 1987-89. Survival was not affected by diet or density in 1987 and 
1988 (Tables 5 and 6) . In 1989, survival was significantly different between temperature treatments , 
with 85.1% survival at 20.8°C and 67.5% at 25.2°C (Table 7) . In 1989, there was also a significant 
difference in survival by density, however this was due to an unexplained disease outbreak in 
fingerlings in two tanks reared at 25.2°C and a density of 2.29 g/L which lowered survival to 22. 7% in 
that treatment (Table 7) . 
Survival of fish reared at 20.5°C and fed the W-16 diet was 64.6% in 1987, 76.5% at 20.1 °c 
in 1988, and 67.5% at 20.8°C in 1989 (Figure 3) . The difference in survival between years was 
highly significant (P<0.01) for fish reared at approximately 20°c. In 1988, survival of fish reared at 
24.9°C was 80.0%; and in 1989, 67.5% at 25.2°C, which was not significantly different (P>0.05) . 
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Figure 1. Mean levels of dissolved oxygen (D.O.) and un-ionized ammonia at two temperatures in 
walleye rearing tanks, 1989 
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Figure 2. Relation of un-ionized ammonia concentration sampled on three days (8, 15, and 22 
days after stocking) to mean survival in a 7-d interval centered around each ammonia 
sampling date in 1989 
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Table 5. Effects of diet type and density level on performance (means± SD) of walleye fingerlings 
reared 28d at 20.5±0.5°C, 1987. Asterisks denote significant treatment effects (*P<0 .05, 
**P<0.01 ). None of the temperature x density interaction terms were significant (P>0.05) 
~(w.) 
Diet type 1.25 1.67 2.08 2.50 2.92 means 
GtQWlb (mmtd) 
W-16 0.807 0.602 0.802 0.804 1.004 0.804** 
(0.126) (0.095) (0 .028) (0.111) (0.271) 
BioMoist 0.932 1.059 0.991 1.082 1.01 3 1 .01 6 
(0 .132) (0 .169) (0 .117) (0 .043) (0.178) 
means 0.870 0.830 0.897 0.943 1.009 
GrQwtb (QLs;ll 
W-16 0.158 0.118 0.145 0.133 0 .178 0 . 146 
(0 .012) (0 .016) (0 .003) (0.047) (0 .044) 
BioMoist 0 .150 0.172 0.160 0.184 0.151 0 . 164 
(0 ,010) (0 .044) (0 .005) (0 .001) (0 .056) 
means 0 . 154 0 . 145 0 . 153 0.159 0.16 5 
QQns;litiQD faQlQr (Kla 
W-16 0.895 0.895 0.885 0.836 0.894 0 . 881 ** 
(0 .078) (0 .106) (0 .101) (0 .124) (0 .071 ) 
BioMoist 0.805 0.807 0.790 0.848 0.797 0 . 81 0 
(0 .093) (0 .069) (0 .097) (0 .223) (0 .097) 
means 0 .850 0 . 851 0 . 837 0 .842 0 . 84 6 
Syrvivgl (%) 
W-16 66.0 62 .1 71 .0 56 .1 67 .8 64 . 6 
(5 .7) (3 .3) (8.3) (18 .2) (3.4) 
BioMoist 58 .5 63 .0 69 .4 68 .0 67.9 65.4 
(2.1) (10.9) (11.1) (20.1) (13 .3) 
means 62 . 2 62 . 5 70 . 2 62 . 1 67 .8 
acondition factor = (Weighting x 105)/(length in mm)3. 
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Table 6. Effects of temperature and density level on performance (means± SD)of 
walleye fingerlings reared 28 d, 1988. Asterisks denote significant treatment 
effects (*P<0.05, **P<0.01 ). None of the temperature x density interaction 
terms were significant (P>0.05) 
Den~(o1.) 
Temperature 0.87 1.30 1.73 2.17 means 
GCQwt!] (rnm/d) 
20.1°c 0.570 0.257 0.575 0.716 0.529 
(0.129) (0 .172) (0.136) (0.083) 
24.9°C 0.557 0.539 0.734 0.729 0 . 640 
(0.030) (0 .190) (0.018) (0 .121) 
means* 0.563 0.398 0.654 0.722 
GrQ~IJ (cLdl 
20 .1°C 0.072 0.016 0.070 0.097 0 . 06 4 
(0 .008) (0.044) (0 .025) (0 .022) 
24.9°C 0.067 0.076 0.107 0.093 0 . 086 
(0 .001) (0 .036) (0 .004) (0 .010) 
means 0.070 0 . 046 0.089 0 . 095 
QQndiliQ0 fa~lQC (K)a 
20.1°C 0.676 0.799 0.705 0.644 o. 706 
(0 .064) (0 .160) (0 .095) (0 .100) 
24.9°C 0.734 0.750 0.766 0.783 0 . 758 
(0 .118) (0.098) (0 .108) (0 .059) 
means o. 705 0 . 744 0.736 o. 713 
~urvival (0/q) 
20 .1°C 68 .5 83 .1 79 .9 74.5 76 .5 
(2.6) (4.9) (0.7) (25.5) 
24.9°C 81 .4 77.9 73.5 87.4 80 .0 
(6.1) (5.1) (5.2) (0.14) 
means 75 . 0 80.5 76. 7 80.9 
acondition factor= (Weighting x 105)/(length in mm)3. 
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Table 7. Effects of temperature and density level on performance (means± SD)of 
walleye fingerlings reared 28 d, 1989. Asterisks denote significant 
treatment effects (*P<0.05, **P<0.01 ). None of the temperature x density 
interaction terms were significant (P>0.05) except for percent survival 
(P<0.01) 
Oensib'. (Q:'.l.) 
Temperature 1.83 2.29 2.75 3.21 means 
GCQwlb (tn!Ill'.dl 
20.8°C 0.570 0.685 0.565 0.726 0 . 636 
(0 .061) (0 .009) (0.295) (0 .123) 
25.2°C 1.065 0.563 0.774 0.839 0 . 81 0 
(0 .178) (0.132) (0.037) (0 .209) 
means 0 . 817 0.624 0 . 670 0.783 
GCQwtb (0Ldl 
20.8°C 0.107 0.122 0.115 0.147 0 . 1 23 
(0 .025) (0 .019) (0 .047) (0 .030) 
25 .2°C 0.206 0.096 0.157 0.167 0 . 15 6 
(0 .037) (0 .016) (0 .016) (0 .030) 
means 0 . 157 0 . 109 0 . 136 0.157 
QQnditiQn faQtQr (K)a 
20 .8°C 0.844 0.835 0.864 0.906 0 . 86 2 
(0.066) (0 .093) (0 .056) (0 .097) 
25.2°C 0.872 0.776 0.911 0.926 0 . 87 1 
(0.182) (0 .109) (0 .094) (0 .115) 
means* 0 . 858 0 . 805 0 . 888 0 . 916 
Su!Yi~al (0tc;i) 
20.8°C 83 .7 87 .8 · 85.4 83 .3 85 .1 * * 
(6.3) (4.9) (2.6) (7.8) 
25.2°C 81.5 22 .7 81 .9 83 .8 67 .5 
(2.8) (5.7) (5.2) (1 .3) 
means** 82 . 6 55 . 3 83 . 7 83 . 5 
acondition factor= (Weight in g x 105)/(length in mm)3 . 
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Figure 3. Survival of walleye fingerlings during 28-d rearing intervals, 1987-89. In 1987, survival of 
fish fed W-16 is shown in the left column and of fish fed BioMoist in the right column. The 
legend shows approximate rearing temperatures ; in 1988 and 1989, the two bars contrast 
survival of walleye reared at temperatures near 20 and 25°C 
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The survival curves for fingerlings over the 28-d training interval followed similar patterns in 
1987 and 1988. In these two years, most mortality occurred in the first eight d of rearing, and then 
stabilized for the rest of the rearing period (Figures 4 and 5). In 1988, disease was more prevalent 
after the first week at 24.9°C than at 20.1 °c. In 1988, mortality of fish at 24.9°C started again on the 
22nd d, when fish were handled for weighing (Figure 5). In 1989, mortality followed an opposite 
pattern (Figure 6) . Little mortality occurred over the first two weeks of rearing, but it increased in the 
last two weeks of rearing when, because of little mortality early on, biomass density increased and 
produced high levels of ammonia ( Figure 1) . 
Cannibalism accounted for only 3.2-6.9% of mortality during the 28-d rearing interval, but 
less than 4% (weighted) of total mortality. Cannibalism was more prevalent in the last 15-28 d of the 
four week rearing interval (Table 8) . Cannibalism appeared to be more of a problem in 1988 than the 
other two years, and it seemed more prevalent at rearing temperatures near 25°C than 20°c . 
Growth and Condition 
Growth rates ranged from 0.26-1 .06 mm/d and 0.016-0.206 g/d (Tables 5-7) during these 
experiments. Fingerlings fed the 41% protein, BioMoist grower diet grew faster (P<0.01) in length, 
but not in weight than fish fed W-16 (P>0.05) , and consequently had a lower (P<0 .01) condition 
factor (Table 5). Initial density of fish had no effect on growth rates in 1987 or 1988 (Tables 5 and 6) . 
In 1988, there was a significant difference among density categories (P<0.05) ; fingerlings reared at a 
density of 1.30 g/L grew more slowly than fish in the other density categories did. In both 1988 and 
1989, fish reared at the higher temperatures (24.9°C and 25.2°C} grew faster (mm/d and g/d) than 
those reared at the lower rearing temperatures (20.1 °c and 20.8°C) ; but differences were not 
significant (P>0.05) . Overall growth rates (regardless of treatments) were significantly lower (P<0.05) 
in 1988 than in 1987 or in 1989. 
Condition of fish was not affected by temperature or density in 1987 and 1988 (Tables 5 and 
6) . In 1989, fingerlings reared at a density of 2.29 g/L had a lower (P<0.05) mean condition factor 
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Figure 4. Survival curves for fingerling walleye in diet-density treatments in 1987 at 20.5°C. 
Survival of fingerlings fed BioMoist are shown in the left column and fish fed W-16 in the 
right column. Initial density (g/L) and final survival are shown in the upper right hand 
corner of each graph. Mortality from cannibalism was not included in the calculation of 
final survival 
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Figure 5. Survival curves for fingerling walleye in temperature-density treatments in 1988. Survival 
of fingerlings reared at 20.1 °c are shown in the left column and at 24.9°C in the right 
column. Initial density (g/L) and final survival are shown in the upper right hand corner of 
each graph. Mortality from cannibalism was not included in the calculation of final survival 
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Figure 6. Survival curves for fingerling walleye in temperature-density treatments in 1989. Survival 
of fingerlings reared at 20.8°C are shown in the left column and at 2s.2°c in the right 
column. Initial density (g/L) and final survival are shown in the upper right hand corner of 
each graph. Mortality from cannibalism was not included in the calculation of final survival 
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Table 8. Percent of total mortality attributable to cannibalism during the 
28-d training interval 
Day Temperature 
Year 1 -14 15 - 28 Totala 20°c 25°C 
1987 0.0 3.2 3.2 3.2 
1988 0.0 5.6 6.9 3.1 3 .8 
1989 1.0 1.0 3.2 0.6 2.6 
aFish which disappeared during the 28 days were assumed to 
have been eaten by cannibals and they are included in the total but not 
in the 1-14 or 15-28 d breakdown. · 
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than did those reared at other densities (Table 7) , possibly due to high mortality from disease 
occurring in fish in this density category. 
31 
DISCUSSION 
The group means for survival of fingerlings ranged from 64.6-85.1 % for all temperature and 
diet categories, higher than survival rates of 20-60% reported by many others (Cheshire and Steel 
1972; Nagel 1976; Nickum 1978; Reinitz and Austin 1980), but less than the 80-90% reported by 
Nagel (1985). Stress during hauling can be minimized by careful handling and by the use of 0.5% 
salt and a bacteriostatic agent (Lewis 1971 ; Nickum 1978, 1986) in hauling units. Nagel (1976, 
1985) suggested that high initial mortality during the training period could be reduced by rearing 
fingerlings in ponds adjacent to the intensive culture facility. In the present study, survival at 
approximately 20°c improved over the 28-d training interval each year (64.6, 76.5, and 85.1 % for 
1987 to 1989, respectively) . While it is not possible to directly link survival to cultu ral practices, we 
~ttribute these results to improvements in hauling conditions (higher salt concentration), effective 
chemotherapy (use of medicated feed), and reduced stress in the intensive culture facility gained by 
lower light intensity. 
When management practices control initial mortality and fingerlings are actively feeding, 
survival for the remainder of the period is related to maintaining water quality and preventing 
mechanical injuries that will contribute to disease. In 1989, the high mortality typical in the first two 
weeks of rearing was controlled, but mortality occurred after the fish were handled to obtain 
measures of growth. In addition, water quality deteriorated because fish density was not reduced as 
the fish grew (i.e ., the population was not thinned out from mortality) and the water flow was not 
increased to flush away the increased volume of wastes. Concentrations of un-ionized ammonia 
reached 0.11 mg/L NH3N, and dissolved oxygen concentrations declined to near 5.0 mg/L. 
Although the observed levels of un-ionized ammonia did not reach levels considered toxic to other 
fish-0.5 to 3.0 mg/L (Robinette 1976; Thurston et al. 1981 ; Broderius et al. 1985; Sheehan and 
Lewis 1986), concentrations were high enough to have caused stress, and increased susceptibility 
to bacterial disease. 
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Cannibalism was a minor problem, being more prevalent in the 15-28 d portion of the training 
interval than the first, and it accounted for less than 4% (weighted) of mortality during the training 
interval. Cannibalism appeared to be more of a problem in 1988 than the other two years, and it 
seemed more prevalent at rearing temperatures near 25°C than 20°c. Cheshire and Steele (1972) 
reported total losses to cannibalism no higher than 13.2% over 90-d of rearing . Nickum ( 1986) 
suggested grading throughout the rearing interval as a means to prevent cannibalism. Fingerlings in 
1988 were more variable in size (CV= 5.6, 7.1, and 6.0 for 1987-89, respectively), which could 
account for the higher levels of cannibalism observed that year. 
Growth and survival of fish were not affected by the initial densities of fish used in this study. 
Density levels in this study (0.87-3.21 g/L) are similar to those used by many hatcheries, but are 
much lower than maximum stocking densities of 25 g/L reported by Cheshire and Steele (1972). In 
the present study, however, the plan was to rear these fish for an additional two to three months 
without reducing fish numbers in the tanks or increasing flow rates. Thus, our initial densities had to 
be much lower than densities that we could have used if fish were thinned out as they grow or if water 
exchange rates were increased to maintain water quality. 
Temperature, flow rate, and feeding rate influence water quality, and consequently, optimal 
stocking density. High densities may actually enhance feeding during the initial training period 
(Nickum 1978) as long as water quality is maintained although this effect has not been researched 
thoroughly. In the present study density had no effect per se until oxygen or ammonia reached 
critical concentrations. 
Although W-16, a 61% protein diet, is currently the standard coolwater feed, the 61% 
protein level is evidently in excess of the requirements of fingerlings. Barrows et al. (1988) found 
that 51% protein diets produced maximum growth in fingerling walleyes. Our objective in testing 
BioMoist grower was to determine if any type of commercial closed-formula diet would be suitable for 
rearing fingerling walleyes . BioMoist grower, even though it contains only 41 % protein, produced 
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adequate growth and survival equal to or better than W-16. These results indicate that this diet 
(BioMoist grower) and possibly other diets with lower protein levels can be used with no sacrifice of 
growth or survival for training pond-reared walleye to formulated feed in intensive culture. 
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SECTION II. INTENSIVE CULTURE OF FINGERLING WALLEYE: 
EFFECTS OF DIET, DENSITY, AND TEMPERATURE 
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ABSTRACT 
We compared two feed types, temperature, and initial stock density on survival and 
performance of pond-reared walleye (Stjzostedjon yjtreum yjtreum) fingerlings fed formulated feed in 
an intensive culture environment. In 1987, fingerlings were reared at 20.9 ± 0.9°C on 41 and 61% 
protein diets for 65 d and in 1989, they were reared at 20.3 ± 1.0°c and 24.7 ± 1.5°C on a 61% 
protein diet for 84 d. Initial stock densities ranged from 0.87 to 7.25 g/L. Fingerlings reared at 
24.7°C grew significantly faster than at 20.3°C; final mean weights were 30.5 g (mean length 157.3 
mm) at 24.?°C and 18.4 g (mean length 132.2 mm) at 20.3°C. However, at 24.?°C, survival was only 
11.0% over 84 d, significantly less than the final survival of 60.3% at 20.3°C. At 24.7°C, mortality 
resulted primarily from increased incidence of disease. Even though fingerlings grew faster at 
24.?°C, because of the higher survival at 20.3°C, production (g) was higher at 20.3°C than at 24.7°C. 
The dietary protein level (41 % or 61 %) had little effect on survival rate or growth of fingerling walleye . 
Also, initial stock density did not affect growth or survival of fingerlings , but in tanks with high survival, 
as fish densities increased, a decrease in water quality affected fish growth . 
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INTRODUCTION 
Walleye are stocked as fry or fingerlings in many lakes to maintain populations where natural 
reproduction does not occur, or to increase abundance of fish where natural reproduction exists but 
is less than optimum. In recent years, more than one billion walleye, mostly fry, were stocked 
annually in the United States and Canada, but an increase in demand for fingerlings was reported 
(Conover 1986). In some cases, year-class abundance of walleye has been corre lated with numbers 
of fry stocked (Carlander and Payne 1977), but, as a rule, the success of fry stocking has been 
unpredictable and more dependent on environmental and biological conditions than on the number 
of fry stocked (Laarman 1978). 
Pond production of fingerling fish , like stocking fry in lakes, also is variable and unpredictable 
(Mathias and Li 1982). Pond culture also is limited to production of small fingerlings (35- to 50-mm 
sizes) because of the difficulty in maintaining sufficient forage to prevent starvation and cannibalism 
(Colesante et al. 1986). Thus, until technology for intensive production of fry to fi ngerlings is 
improved, the production of walleye beyond SO-mm will require a combination of pond- and tank-
culture techniques. 
Techniques have evolved for training pond-reared fingerlings to formulated feeds in 
intensive culture (Cheshire and Steele 1972; Nagel 1974, 1976; Nickum 1978; Beyerle 1975; 
Nickum 1986). Most mortality of pond-reared fingerlings in tanks occurs within the first two to three 
weeks of rearing from handling stress, disease, and lack of of feed acceptance (Cheshire and Steele 
1972; Nickum 1978; Reinitz and Austin 1980; Masterson and Garling 1986; Nickum 1986) . Survival 
and performance of fingerlings during this period and subsequent growth to a desirable size for fall 
stocking (100-1150 mm) depend on a variety of factors , including fish health, diet composition , fish 
density, water temperature, and water quality. 
Temperature is one of the major factors affecting growth of fingerling walleye (Huh et al. 
1976) . The optimum temperature for growth of fingerling walleye has been estimated to be between 
42 
22°c (Smith and Koenst 1975) and 26°C (Hokanson and Koenst 1986), with lethal temperatures 
reported in the range of 32-34°C (Smith and Koenst 1975; Hokanson and Koenst 1986). Diseases, 
particularly Flexibacter columnaris. are a major problem in rearing and handling fi sh at temperatures 
warmer than 20°C (Nickum 1978, 1986) and can produce mortalities of 60-90% (Austin and Austin 
1987) . 
We designed a study to distinguish temperature and density effects on survival and 
performance of fingerling walleye fed formulated diets in an intensive culture environment. In one 
experiment, two diets were compared-BioMoist™ grower, a commercial, closed-formula diet , and 
W-16, an open-formula feed developed by the U.S. Fish and Wildlife Service (Colasante et al. 1986; 
Wasters 1986). 
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METHODS 
These experiments were conducted in 1987 and 1989. In 1987, the experiments were 
done at 20.5°C with the factors of dietary protein level and density; in 1989, diet was constant and 
temperature and density factors were studied. 
Experimental Design 
19.81..-A 2 x 5 factorial experimental design was used to evaluate the effects of two feed 
types and five densities (1.25, 1.67, 2.08, 2.50, and 2.92 g of fish/L) at a temperature of 20.5°C. 
Tanks were systematically assigned to a diet-density treatment, then fish were randomly placed in 
tanks. Perhaps as a consequence of hauling stress, 25.5% of the fish died in the first three d after 
stocking in the tanks, from an apparent epizootic of columnaris disease (Flexibacter columnaris) . 
Therefore, fish were added on the third day to the tanks to reestablish density levels. Each diet-
density treatment was replicated twice and a total of 20 rearing tanks were used. The feeds were a 
commercial, closed-formula ration, BioMoist grower (BioProducts Inc., Warrenton, OR), with a 
reported 41% protein level and 3286 kcal/g metabolizable energy, and the open formula, U.S. Fish 
and Wildlife Service, W-16 diet obtained from Glenco Mills, Glenco, MN (Colesante et al. 1986; 
Westers 1986), containing 61 % protein and 4176 kcal/g metabolizable energy, 
1..9.89..-A 2 x 4 factorial experimental design was used to evaluate the effects of temperature 
and density. Tanks were randomly assigned to temperature-density treatments and the fish 
randomly sorted to tanks. Fish were initially stocked (day 172) at densities of 0.83 to 1.46 fish/L, but 
due to high mortality in one treatment and the accidental loss of fish in one experimental unit from a 
clogged valve, fish were added to the tanks after 28 d (day 200) of rearing to establish densities of 
approximately 3.8, 4.1, 5.2, and 6.8 g of fish/L. The two temperature regimes were 20.8°C and 
25.2°C. Each treatment was replicated twice, requiring a total of 16 rearing tanks. All fish were fed 
the W-16 formulation obtained from Murray Elevators (Murray, UT). 
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Data were analyzed as completely randomized, factorial experiments by using the Statistical 
Analysis System (SAS 1982). The analysis of variance procedure was used to test for main effects 
and interactions by using conventional alpha values of 0.05 and 0.01. Survival percentage data were 
transformed with the arc sin for analysis. 
Ei.s.h 
The pond-reared walleye fingerlings used in these experiments were obtained from Welch 
Lake, a fingerling production site of the Iowa Department of Natural Resources Spirit Lake Hatchery. 
Parent fish were captured from Spirit Lake and East and West Okoboji lakes. Brood fish were 
spawned in the Spirit Lake Hatchery, and eggs were incubated at the hatchery. The fry were stocked 
in Welch Lake at 2- to 4-d posthatch . Fingerlings, 50-60-d posthatch, were seined from Welch Lake , 
then transported to the aquaculture facility at Iowa State University. Mean(± SD) initial weights were 
2.6 ± 0.5 gin 1987 and 2.2 ± 0.5 gin 1989. In 1989, the mean weight of fish after restocking was 5.4 
± 1.5 g. Initial condition factor of fish (K = weight in g x 1 o511ength in mm3) was less in 1989 than in 
1987, but was higher at time of restocking (Table 1). 
Fish were transported from Welch Lake to the aquacultural laboratory at Iowa State University 
in an insulated, fiberglass tank containing approximately 750 L of lake water. The lake water was 
aerated with a single mechanical aerator, supplemented with oxygen from a cylinder of compressed 
oxygen, and dispersed through weighted Micropore TM tubing. Temperature during transportation 
was maintained at 20°c by addition of 5-10 kg of block ice as needed. Transportation time was five 
hours in .1987 and four hours in 1989. To reduce stress and prevent disease, 0.25% salt and 5 mg/L 
nitrofurazone were added to the transport water in 1987, and 15 mg/L oxytetracycline and O. 75% salt 
in 1989. 
facilities 
The rearing interval after restocking was 65 d in 1987 and 84 d in 1989. Fish were reared in 
rectangular (52 x 55 cm with 38 cm water depth), 120-L fiberglass tanks (Figure 1 ). The culture facility 
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Table 1. Initial length, weight, and condition factor of fingerlings at 
time of stocking and restocking, 1987 and 1989 (means± SD) 
Fish 1987 1~ 
Size Initial Restocking 
Length (mm) 68.1 ± 3.8 67.9 ± 4.1 84.5 ± 9.0 
Weight (g) 2.6 ± 0.5 2.2 ± 0.5 5.4 ± 1.7 
Condition factor (K)a 0.81 ± 0.09 0.68 ± 0.06 0.87 ± 0.11 
acondition factor (K) = (weight in g x 105)/(length in mm)3. 
46 
Figure 1. Rearing tanks : water flow enters tanks near the back of the tank, moves across the 
bottom, and exits the center standpipe. Water is available from one of two water lines 
(i.e., 20° or 25°C) and flow rates are monitored by using flow valves 
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was supplied with Ames tap water that was dechlorinated in high-pressure tanks with activated 
carbon. The water was heated, degassed with a packed column of 2.5 cm polyethylene ballast rings 
(Glitsch, Inc., Dallas, TX) . Waterflow to the tanks was 2 Umin which provided an exchange of one per 
hour. In 1989, sodium sulfite was added to the supply tanks to eliminate residual free chlorine and 
chloramines, as recommended by Seegert and Brooks (1978). Total residual ch lorine levels were 
monitored daily in each tank by using the DPD colorimetric method (APHA et al. 1985). Mean 
chlorine levels for the 84-d rearing period were below the detectable limits of this method. Water 
temperatures, based on means of daily observations, averaged 20.9 ± 0.9°C in 1987 and 20.3 ± 1.0 
and 24.7 ± 1.5°C for 1989. 
Feed was dispensed at 5-min intervals, 18 h per d with automatic feeders (Louden raceway 
feeder, North Star Company, Gaston, OR) . Feeding rates (percentage of body weight fed daily) were 
calculated to excess, not to optimize feed conversion . In 1987, fingerlings were fed 10% of their 
body weight daily for three weeks, 8% for two weeks, and 6% for the rest of the rearing period. In 
1989, feeding rates were calculated by using the feeding formula from Westers (1987) . The initial 
rates were 11% and 14% of body weight daily at 20.3 and 24.7°C, respectively . After restocking, 
feeding rates were 6.4% at 20.3°C and 7.7% at 24.7°C; thereafter they were reduced approximately 
0.3% weekly. Final feeding rates were 3.4% at 20.3°C and 4.1% at 24.7°C. In both years, feed sizes 
were gradually increased from 1.2 mm pellet (W-16 #3 granule, BioMoist 1.0 mm) to 3.2 mm pellet (W-
16 1/8-in pellet, BioMoist 4.0 mm) . Excess feed and feces were removed daily by siphoning, and the 
tanks were scrubbed weekly. 
During the entire culture interval, the culture room was maintained at low light intensity for 18 
h, with 6 h of total darkness when fish were not fed. Mean light intensity at the surface of the tank 
covers was 31 .6 ± 7.3, and 8.4 ± 1.5 Ix for 1987 and 1989, respectively. The tanks were covered 
with plastic mesh screen (0.64 cm) to prevent fish from jumping out and to reduce overhead light 
intensity; light intensity under the screen at the water surface was approximately 50% less. 
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Water Quality 
Dissolved oxygen in the rearing tanks was measured by using a polarographic sensor with a 
thermistor for temperature measurement and compensation (YSI™ model 57 dissolved-oxygen 
meter, Yellow Springs Instrument Co., Inc., Yellow Springs, OH). Dissolved oxygen in each tank was 
measured before cleaning tanks and was monitored seven times in 1987, and twice weekly in 1989. 
In 1989, total ammonia nitrogen (TAN) was measured in each tank twice per week by using the 
salicylate-hypochlorite method (Verdouw et al. 1978; Bower and Holm-Hansen 1980). This method 
substitutes sodium salicylate for phenol used in the phenate method (Solorzano 1969). 
Measurements were taken before tanks were cleaned. At the time ammonia was measured, 
temperature and pH also were measured by using a combination glass electrode and pH/specific ion 
meter (Orion model 407A, Orion Research , Cambridge, MA). Un-ionized ammonia levels (NH3-N) 
were calculated from TAN, pH, and water temperature by the formula given by Emerson et al. (1975) . 
Chemotherapy 
Fingerlings were treated as needed to control mortality from disease. All disease treatments 
were administered to rearing tanks without cutting off the flow of water to the tank. Treatment 
concentrations were calculated on the basis of the active ingredient. In 1987, fish were treated with 
nitrofurazone at 10 mg/L twice daily for four consecutive days, beginning the fourth day after 
stocking. Benzalkonium chloride at 2 mg/L was used for disease treatment in each tank daily during 
the second week of rearing. 
In 1989, fingerlings were treated with 8 mg/L diquat bromide for 12 d before restocking and 
their feed was medicated with oxytetracycline (8.25 g oxytetracycline/100 kg fish/d) for most of this 
period. Fish reared at 24.7°C were treated with 8 mg/L diquat dibromide for six consecutive days 
beginning six days after restocking, and all fish were treated with 16 mg/L diquat dibromide for two 
consecutive days per week for the next three weeks. 
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Fish Stock Assessment 
Mortalities were recorded daily and classified according to suspected cause of death. 
Emaciated, darkened fish were classified as dying from starvation; partially digested fish, and missing 
fish were classited as dying from cannibalism; moribund fish with visible lesions, hemmorhages, 
lethargy, and erratic behaviour were classified as dying from disease. All fish in each tank were 
counted at two-week intervals in 1987 and at three-week intervals in 1989. Also , at each interval and 
at the termination of the experiment, a sample of 10 fish from each tank was individually measured 
and weighed to evaluate growth and condition of fish (d 238 or 284 for 1987 and 1989, 
respectively) . To sample fish with a minimum of stress, the entire tank was treated with 20 mg/L 
tricaine methanesulfonate (Finquel™,Argent Chemical Laboratories, Redmond, WA) to sedate fish; 
then the subsample of fish was removed by netting and placed into a solution of 1 % salt and 55 mg/L 
Finquel™ tor total anesthesia before weighing . 
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RESULTS AND DISCUSSION 
Effect of Diet Type 
Differences in feed conversion (ratio of weight of feed presented to weight gain of fish), 
growth (i.e ., mm/d or g/d), or final survival after 65 d of rearing between diets were not significant 
(Tables 2 and 3 ). Fingerlings fed BioMoist grower, with 41% protein, had a significantly (P<0.05) 
larger final mean length (129.1 mm) than fish fed the W-16 diet (123.0 mm), but fish fed BioMoist 
grower were not significantly heavier, and, consequently, they had a significantly lower (P<0.0 1) 
condition factor (Table 2). Disease accounted for most fish mortality, regardless of diet (Figure 2). 
Diet type did not affect incidence of cannibalism or starvation (P>0.05) . Survival and density of 
fingerlings fed the BioMoist diet was more variable between density treatments than for fish fed W-16 
(Figures 3 and 4), but was not significantly different between the two diets. Survival by density 
treatments ranged from 56.6 to 89.6% for fish fed the BioMoist diet, whereas survival of fish fed W-
16 ranged from 76.1 to 82.2% (Table 2) . 
Although W-16, a 61% protein diet, is currently the standard coolwater feed (Colasante et al. 
1986; Wasters 1986), the 61% protein level is apparently in excess of the requirements for 
fingerlings of this size. Barrows et al. (1988) reported that diets containing 51% protein produce 
maximum growth in fingerling walleye. Our objective in testing BioMoist grower was to determine 
whether any commercial closed-formula diet would be suitable for rearing fingerling walleye . 
BioMoist grower, even though it contains only 41% protein, produced growth and survival equal to or 
better than W-16. These results indicate that this diet (BioMoist grower), and possibly other 
commercial diets can be used with no sacrifice of growth or survival for training pond-reared walleye 
to formulated feed in intensive culture . 
Effect of Temperature 
Growth of fingerlings reared at 24.7°C was faster (P<0.01) than fish reared at 20.3°C (Table 
4) . After 84 d, fingerlings reared at 24.7°C weighed an average of 30.5 g (mean length of 157.3 mm) 
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Table 2. Effects of diet type and density level on final mean (±SD) length, weight, condition factorcl, 
survival, and feed conversionb of walleye fingerlings reared 65 d, 1987. Asterisks denote 
significant treatment effects(* P<0.05, ** P<0.01) . None of the density or density x diet 
interaction terms were significant (P>0.05) 
QensilY(Q:1.) 
Diet type 1.25 1.67 2.08 2.50 2.92 means 
!.eogtb (mrnl 
W-16 124.2 123.6 123.2 119.8 124.1 123.0* 
(12.8) (13.6) (12.8) (11 .5) (12 .7) 
BioMoist 122.7 138.0 128.8 129.4 130.9 129 .1 
(14.6) (14.3) (13.7) (15.9) ( 16.0) 
means 123 . 5 128.4 126.0 124.6 127 . 5 
Weight (g) 
W-16 17.2 17.5 17.9 14.9 17.1 16 . 9 
(5.1) (6.8) (5.9) (4.1) (5.4) 
BioMoist 15.4 22 .0 17.6 17.6 19.6 18.0 
(5 .3) (7.3) (5.7) (6.7) (7.0) 
means 16 . 3 19 .o 17. 7 16 . 3 18.4 
QQndiliQn fa~Qr (~l 
W-16 0.865 0.880 0.927 0.848 0.865 0 .877** 
(0 .066) (0 .069) (0 .079) (0 .081) (0 .066) 
BioMoist 0.799 0.806 0.795 0.774 0.836 0 .801 
(0 .079) (0 .082) (0.095) (0 .073) (0 .092) 
means 0 .832 0.855 0 .861 0 . 811 0.85 0 
Survival (%) 
W-16 79 .2 76.1 82 .2 76 .4 80 .5 78 . 9 
(3.5) (4.5) (6.4) (18 .9) (8.1) 
BioMoist 63 .8 86.3 73 .6 78 .1 56 .6 71 . 7 
(0.0) (4.7) (8 .4) (13.3) (2.0) 
means 71 . 5 81 . 2 77 . 9 77 . 2 68 . 5 
Feed QQnver~iQ• 
W-16 3.98 3.66 2.72 3.50 2.41 3 . 25 
(2.37) (3 .53) (1 .47) (1 .85) (0.91) 
BioMoist 3 .52 3.01 2.61 2.49 3.32 3.00 
(1 .23) (1 .80) (0 .84) (0 .77) (1 .93) 
means 3 . 75. 3 . 34 2 . 67 3 . 00 2.8 6 
acondition factor= (Weighting x 105)/(length in mm)3. Mean condition factors are an 
average of five measurements of condition. 
bFeed conversion averaged from five values. Feed conversions were calculated for one 
9-d and four 14-d intervals. 
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Table 3. Effects of diet type and density level on mean (±SD) growtha in length and weight of 
walleye fingerlings reared 65 d, 1987. None of the diet, density, or density x diet 
interaction terms were significant (P>0.05) 
Derstv<oo..l 
Diet type 1.25 1.67 2.08 2.50 2.92 means 
GCQmlJ (mmld) 
W-16 0.817 0.801 0.824 0.773 0.894 0 . 822 
(0.379) (0.323) (0.295) (0.454) (0 .232) 
BioMoist 0 .843 0.975 0.918 0.942 0.989 0.932 
(0 .336) (0 .291) (0.381) (0.325) (0 .384) 
means 0.830 0.878 0.871 0.858 0.941 
Groajh (g/d) 
W-16 0.213 0.215 0.224 0.180 0.22 1 0 . 210 
(0.101) (0 .120) (0 .099) (0 .135) (0 .090) 
BioMoist 0 .192 0.234 0.221 0.224 0.25 1 0 . 224 
(0 .103) (0 .164) (0.100) (0 .111) (0 .177) 
means 0 .202 0.224 0.222 0 . 202 0 . 236 
aGrowth averaged from one 9-d and four 14-d measurements of growth . 
• disease 85.6% 
• II stavation 1.4% 
• other 0.5% 
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Figure 2. Causes of mortality of fingerling walleye fed one of two diets in 1987 and reared at one 
of two temperatures in 1989 
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Table 4. Effects of temperature and density level on mean (±SD) growtha of walleye 
fingerlings reared 84 d, 1989. Asterisks denote significant treatment effects 
(* P<0.05, ** P<0.01 ). None of the density or density x temperature interaction 
terms were significant (P>0.05) 
Den~ (Q'.l.l 
Temperature 3.76 4.09 5 .23 6.84 means 
GrQwtt] (rnmld) 
20.3°c 0.604 0.686 0.503 0.556 0 .587** 
(0.311) (0.258) (0.440) (0 .205) 
24.7°C 0.841 0.817 0.847 0.884 0 . 848 
(0.222) (0 .368) (0 .242) (0 .236) 
means 0.683 0 .752 0 . 675 0 .720 
Gmwth (g/d) 
20.3°c 0 .163 0.212 0.119 0.145 0 .16 0 ** 
(0.054) (0 .118) (0 .135) (0 .091) 
24.7°C 0 .313 0.282 0.292 0.309 0 . 2 9 7 
(0 .1 76) (0 .168) (0 .167) (0 .142) 
means 0 .213 0 .247 0 .205 0 .227 
aGrowth averaged from four three week measurements of growth. 
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compared with a mean weight of 18.4 g (mean length of 132.2 mm) at 20.3°C (Table 5). At both 
temperatures, the condition of fingerlings decreased during the rearing period from an initial mean 
condition factor of 0.87 to 0.76 at the end of rearing (Tables 1 and 5) . The difference in final 
condition factor of fingerlings between temperature treatments was not significant (Table 5) . 
Fingerlings at 20.3°C had better mean feed conversion than fish at 24.7°C in weeks one 
through three, thereafter feed conversion increased linearly at 20.3°C, but slightly decreased at 
24.9°C (Figure 5). In the last six weeks of rearing, feed conversion of fingerlings was more efficient 
(P<0.05) at 24.7°C than at 20.3°C, suggesting that the fish reared at 20.3°C were overfed. Mean 
feed conversion over the complete 90-d rearing period, however, was not different between 
temperatures (Table 5) . 
Survival of fingerlings at 24.7°C decreased rapidly (Figure 6) . The cause of mortality was 
presumptively diagnosed by the symptoms-grayish, discolored mucous ; necrotic lesions on the 
fins (eroded) ; and circular patches of infection-as columnaris disease (Flexibacter columnaris) . 
Survival to 84 d was only 11 .0% at 24.7°C, much less than the final survival of 60. 1% at 20.3°C 
(P<0.01) . Due to the high mortality at 24.7°C, maximum final density of fish at th is temperature was 
only 4.8 g/L after 90 d of rearing (Figure 7) . Densities at 20.3°C increased through the rearing 
period, reaching final densities ranging from 7.5 to 14.2 g/L (Figure 7) . Fish reared at 24.7°C had a 
higher mortality (P<0.01) from disease (91 .9% vs 78.2%), but lower levels of starvation than fish 
reared at 20.3°C (Figure 2). As in other studies, bacterial infections, particularly Flexibacter 
columnaris, have been the primary pathological problem in rearing fingerling walleye (Nickum 1978, 
1986). Infections of this disease result from overcrowding of fish , physical injury to the fish , and 
water temperatures above 15° C; mortalities from columnaris disease of 60-90% are common (Nickum 
1978, 1986; Austin and Austin 1987; Post 1987). Changes in temperature , especially at 
temperatures above 20°C are important in outbreaks of columnaris (Roberts 1973 ; Snieszko 1974) . 
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Table 5. Effects of temperature and density level on final mean (±SD) length , weight, 
condition factorsa, survival, and feed conversionb of walleye fingerlings 
reared 84 d, 1989. Asterisks denote significant treatment effects (* P<0.05, 
** P<0.01 ). None of the density or density x temperature interaction terms 
were significant (P>0.05) · 
0e•~(Q'.1.l 
Temperature 3.76 4.09 5.23 6.84 means 
Le ogth (mml 
20.3°C 132.4 141.2 123.5 131.4 132.2 * * 
(17.5) (16.0) (15.7) ( 16.0) 
24.7°C 163.6 151.7 156.7 161 .5 157 .3 
(15.7) (19.1) (18.1) ( 16.4) 
means 140 . 5 146.5 140.1 146.1 
Weight (g.}, 
20.3°C 18.4 22.8 14.8 17.7 18 . 4** 
(6.4) (8.6) (6.5) (7.1) 
24.7°C 33 .5 28.4 30 .2 32.0 30.5 
(11.4) (9.1) (8.8) (10.8) 
means 22.3 25.6 22.5 24.7 
QQnc!itiQn faQ!Qr (Kl 
20.3°C 0.753 0.772 0.746 0.738 0 .752 
(0 .074) (0 .070) (0 .105) (0 .082) 
24.7°C 0.741 0.785 0.764 0.735 0 .760 
(0 .046) (0 .047) (0 .057) (0 .099) 
means 0 .750 0.779 0.755 o. 737 
Su rvival(?fsil 
20.3°C 55 .6 66.5 60.4 57.7 60 . 1 * * 
(36.2) (29 .0) (3 .0) (16.5) 
24.7°C 4.4 19.0 13.3 7.3 11 . 0 
(6.2) (11 .3) (2.4) (1 .9) 
means 30.0 42. 7 36.9 32.5 
Eeed ~Q•~ecsiQn 
20.3°C 2.63 2.66 2.90 2.83 2 .76 
(0 .78) (1 .14) (1 .11) ( 1 .16) 
24.7°C 2.27 2.26 2.37 2.36 2 .32 
(0.44) (0 .78) (0 .66) (0.39) 
means 2 . 45 2 . 46 2 . 64 2 . 60 
acondition factor= (Weight in g x 105)/(length in mm)3. Mean condition 
factors are an average of four measurements of growth taken every three weeks. 
bFeed conversion averaged from four three week measurements. 
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Temperature is one of the major factors affecting growth of fingerling walleye (Huh et al. 
1976) with optimum temperature for growth of fingerling walleye estimated to be between 22°c 
(Smith and Koenst 1975) and 26°C (Hokanson and Koenst 1986). In this study, fish reared at 24.7°C 
grew significantly faster in both length and weight than fish reared at 20.3°C, perhaps due to higher 
metabolism. However, increased susceptibility to disease at this higher temperature resulted in low 
survival. Mortality from disease occurred more rapidly at the higher temperature and decreased 
survival to 12-60% by the third week of rearing (Figure 6) . Although walleye growth increases with 
increasing temperature up to 26°C (Hokanson and Koenst 1986), temperatures above 20°c lead to a 
higher incidence of disease (Nickum 1978). Even though fingerlings grew faster at 24.7°C, rearing 
walleye fingerlings at temperatures near 20°C seems optimal for good growth, survival, and 
production. 
Effect ot Density 
Growth of fingerlings reared in 1987 and 1989 ranged from 0.50-0.99 mm/d and 0.14-0.31 
g/d for diet-density treatments (Tables 3 and 4) . Initial density of fish at stocking did not affect mean 
growth (mm/d or g/d), final mean length, weight, survival, or condition factor in 1987 or 1989 (Tables 
2-5). 
However, as actual fish density in individual rearing tanks increased, water quality declined. 
Although dissolved oxygen averaged 7.7 ± 0.8°C in 1987 and 6.8 ± 0.8°C in 1989, when density 
levels approached 10-15 g/L, dissolved oxygen levels dropped to 5.0-5 .5 mg/L. In both years, 
dissolved oxygen levels were negatively correlated (1987, r = 0.89, P<0.01 ; 1989, r = 0.54, P<0.01) 
with increasing fish density (Figure 8) . Mean un-ionized ammonia (NH3-N) levels in 1989 ranged 
from 0.009 to 0.101 mg/L, but decreased after fish were restocked (Figure 9) . Levels of un-ionized 
ammonia were positively correlated (r = 0.42, P<0.01) with increasing fish density (Figure 10). 
However, un-ionized ammonia concentrations were below levels considered toxic to other fish-0 .5 
to 3.0 mg/L (Robinette 1976; Thurston et al. 1981 ; Broderius et al. 1985; Sheehan and Lewis 
8.0 
- 7.5 ...J 
-C, 
E 7.0 
-
C 
CD 6.5 C, 
>, 
>< 
0 6.0 
"C 
CD 
> 5.5 
0 
UI 
UI 
·- 5.0 C 
4.5 
8.0 
-...J 
-C, 7.5 
E 
- 7.0 
C 
CD 
C, 
>, 6.5 
>< 
0 
"C 
CD 
> 
0 
UI 
UI 
C 
6.0 
5.5 
5.0 
0 1 
63 
1987 
y = -.2925x + 7.68 
r = .89, P<0.01 
2 3 4 5 6 7 8 9 10111213141516 171 8 
Fish Density (g/L) 
• 
•• 
• 
•• 
• • • ....
••• ., 
• 
•• 
. ~ 
• 
• 
• 
• 
1989 
y = -.064x + 7.2 
r = 0.54, P<0.01 
• 
0 1 2 3 4 5 6 7 8 9 1011 1 213141516 17 18 
Fish density (g/L) 
Figure 8. Relationship of dissolved oxygen levels and fish density (g of fish/L) in individual 
rearing tanks in 1987 and 1989. Dissolved oxygen and density values represent 
mean values in each tank from each weighing interval (i.e., every two weeks in 1987 
and every three weeks in 1989) 
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1986), but considerably higher than recommended safe or allowable levels of 0.01 to 0.02 mg/L 
(EIFAC 1970; Smith and Piper 1975;Piper et al. 1982; Meade 1985). Levels of un-ionized ammonia 
in rearing tanks in 1989 could have affected growth rates. 
Although growth of fingerlings were unaffected by initial stocking densities, growth declined 
as actual fish densities in individual rearing tanks increased (Figure 11 ). Mean growth in individual 
tanks showed a curvilinear response to increasing density in 1987 (Figure 11 ). Fish growth was quite 
variable at the lower densities in 1987, possibly due to variable growth during the first two weeks of 
rearing. In 1989, mean fish growth was negatively correlated (r = 0.45, P<0.01) with mean fish 
density (Figure 11 ). 
Initial density levels in this study (0.87-7.25 g/L) are similar to those used by many 
hatcheries, but are much less than maximum stocking densities of 25 g/L reported by Cheshire and 
Steele (1972). Our initial densities were lower than densities one could use if fish are to be thinned 
out as they grew or if water exchange rates were increased as needed to maintain water quality. In 
both years, final densities approached 15-20 g of fish/L while flow rates remained at one tank 
exchange per h. Although differences in performance and survival between initial density 
treatments were not observed, possibly due to the interaction of mortality and declining water quality, 
both water quality and growth declined with increasing densities of fish in individual rearing tanks . If 
water quality was maintained by increasing flow rates as fish densities increased to higher levels 
(i.e., 10 g/L or higher) as suggested by Nickum (1978,1986), higher levels of density may be 
obtained without adversely affecting survival or growth. 
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Figure 11 . Relationship of growth (mm/d) of fingerling walleye to fish density (g/L) in rearing tanks 
in 1987 and 1989. Growth and density values represent mean values in each tank 
from each weighing interval (i.e., every two weeks in 1987 and every th ree weeks in 
1989) 
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SUMMARY AND DISCUSSION 
Success in training pond-reared walleye fingerlings to formulated diets begins with reducing 
stress during transportation, handling, and the initial two weeks of intensive rearing. When 
management practices control initial mortality and fingerlings are actively feeding, ·survival for the 
remainder of the rearing period is related to maintaining good water quality and preventing stress that 
will contribute to disease. Rearing fish at temperatures above 20°C results in increased growth, but 
leads to an increased incidence of disease and higher mortality. Rearing density of fish, which 
ranged from 0.87 g/L to final densities near 15 g/L, did not affect survival or performance of walleye 
fingerlings. 
Although W-16, a 61% protein diet, is currently the standard diet for walleye, the protein 
level is in excess of the requirements of fingerlings. BioMoist grower, which contained only 41 % 
protein, produced adequate growth equal to W-16. These results agree with Barrows et al. (1988) 
who reported that diets containing less than 61% protein could be used with no sacrifice to growth 
and diets containing 51% protein produced maximum growth in fingerling walleye. 
Additional research could focus on rearing fingerlings at higher densities while maintaining 
consistent water quality. Effects of rearing density could be examined more closely without the 
interaction of water quality. The effect of fish density on success of training pond-reared fingerlings 
to formulated diets during the first one to two weeks of rearing might be examined more closely using 
higher densities to see if higher densities actually enhance feeding . More thorough research on 
ways to reduce stress during harvest, transportation, and handling of pond-reared fingerlings to 
intensive culture facilities could help reduce the high initial mortality during the first two weeks of 
rearing. Finally, additional research on disease identification and control is essential to successful 
rearing of fingerling walleye in intensive culture. 
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